Relationships between simultaneous occurrences of distinctive atmospheric easterly wave (EW) signatures that cross the southequatorial Atlantic, intense mesoscale convective systems (lifespan > 2 hour) that propagate westward over the western southequatorial Atlantic, and subsequent strong rainfall episodes (anomaly > 10 mm·day −1 ) that occur in eastern Northeast Brazil (ENEB) are investigated. Using a simple diagnostic analysis, twelve cases with EW lifespan ranging between 3 and 8 days and a mean velocity of 8 m·s −1 were selected and documented during each rainy season of 2004, 2005, and 2006. These cases, which represent 50% of the total number of strong rainfall episodes and 60% of the rainfall amount over the ENEB, were concomitant with an acceleration of the trade winds over the south-equatorial Atlantic, an excess of moisture transported westward from Africa to America, and a strengthening of the convective activity in the oceanic region close to Brazil. Most of these episodes occurred during positive sea surface temperature anomaly patterns over the entire south-equatorial Atlantic and low-frequency warm conditions within the oceanic mixing layer. A real-time monitoring and the simulation of this ocean-atmosphere relationship could help in forecasting such dramatic rainfall events.
Introduction
The Northeast region of Brazil (NEB) is located between the parallels 01
• S and 18
• S and the meridians 35
• W and 47
• W (Figure 1(a) ). The climatic regime is semiarid for more than 80% of the area and the region often experiences dramatic droughts [1] and catastrophic floods (i.e., in May-June 2010 (http://www.lepoint.fr/monde/bresil-plus-de-1-000-disparusdans-les-inondations-dans-le-nord-est-22-06-2010-469027 24.php.)). The majority of the population lives along the coast, where the rainfall regime is mainly under the influence of the tropical oceanic climate [2] [3] [4] [5] [6] [7] . The regular rainy season occurs from January to June in the eastern part of NEB localized between 2.5
• S-12.5 • S; 40
• W-35
• W ( Figure  1 (a)), with possible extensions of a few weeks before or after this period due to substantial interannual variability and distinctive subregional climate regimes. Differences in the length or intensity of the rainy season are due by several ocean-atmospheric processes or a combination of them.
Seasonal latitudinal migration across the equator of a zonal band of rainfall which is linked to the Inter-Tropical Convergence Zone (ITCZ) is the main mechanism of precipitation in this region [1] . The ITCZ reaches its southernmost latitude (i.e., directly over the northern NEB) in March-April in response to the seasonal warming of the adjacent tropical Atlantic Ocean. The interannual variability of the southward movement of the ITCZ is deeply affected by deviation of sea surface temperatures (SSTs) from their usual seasonal conditions over the tropical Atlantic. Such physical behavior is particularly important for the northern part of NEB [1] .
The NEB rainy season is also often modulated by northward incursions of cold fronts coming from the South Atlantic Ocean. These cold fronts, sometimes linked to the strength of the episodic South Atlantic Convergence Zone (SACZ), cross the NEB in the north-westward direction from its southern coastline (8 • -12 • S) [8] . These events generate atmospheric instability and contribute to increased precipitation over all of NEB, especially in its midsouthern part.
Crossing the south-equatorial Atlantic basin from West Africa to South America [9] [10] [11] , the atmospheric easterly waves (EWs) also constitute an important process in the seasonal rainfall regime over NEB. These waves are often associated with clusters of well-defined mesoscale convective systems (MCSs) [12, 13] that propagate westward above the oceanic basin reaching the NEB coast generating large amount of rainfall. For instance, Hall [14] showed a relationship between the passage of EWs and strong precipitation over Ascension Island (7 • 55 S, 14
• 19 W) from March to May; Silvestre (unpublished material) and Torres and Ferreira [15] noted that such atmospheric perturbations can reach the NEB. Important for the rainfall in the eastern part of NEB (hereafter called ENEB) [16, 17] , such behavior in the atmospheric circulation is the cornerstone of the present research.
The main objective of this study was to identify oceanatmosphere phenomena that could be related to strong rainfall episodes over ENEB, defined here as the region limited by 2.5
• W (Figure 1(a) ). A simple diagnostic analysis was undertaken to estimate the relationship between strong precipitation episodes over ENEB and preconditioning occurrences of atmospheric and oceanic behaviors. This preliminary investigation was conducted over the rainy season of a three-year period (2004 to 2006) that included a representative number of strong rainfall episodes (hereafter defined as rainfall anomaly >+10 mm·day −1 ). It was pointed that a significant percent of such strong rainfall episodes were associated to EW events. These cases (hereafter noted "true alarms") are the focus of our study, and they are largely documented in the present paper. Cases of strong rainfall anomaly not directly linked to EWs (hereafter noted "false alarm" cases), as well as marked EWs which did not have been followed by strong rainfall events, are not directly addressed in this study. This paper is outlined as follows. Datasets are presented in the second section. An early diagnostic analysis, which used the three meteorological variables reported above (precipitation, MCS, EW) to select twelve occurrences during 2004-2006, is described and discussed in the third section. Further analyses using atmospheric and oceanic variables are developed and discussed in the fourth section. A conclusion is provided in the last section.
Datasets
The observed daily precipitation originated from two datasets. The 2004-2006 in situ daily datasets were constructed from an array of 682 meteorological stations in ENEB, with a higher spatial density in the coastal region east of 37
• W (Figure 1(a) ). These rainfall data were obtained from Brazilian regional meteorological services of Alagoas, Bahia, Ceará, Paraiba, Pernambuco, Rio Grande do Norte, and Sergipe States. The second precipitation dataset was extracted from the Global Precipitation Climatology Project (GPCP) [18] on a 1
• × 1
• regular grid over all of NEB for the period 1997-2006. The GPCP dataset is composed by a combination Advances in Meteorology 3 of in situ observations with satellite microwave and infrared measurements. Although the spatial distributions of the data are quite different between these two data sources, the monthly rainfall averages over the same area (limited here by the in situ data source; Figure 1 (a)) are very similar during the studied period [2004] [2005] [2006] (Figure 1(b) ). The seasonal variability is well marked, with maximum rainfall during the first semester (up to 6 mm·day −1 ) and very low amount of precipitation during the rest of the year. The interannual and intraseasonal variabilities (Figure 1(b) ) are also significant, as, for instance, the exceptionally high precipitation observed in January (January is not considered as belonging to the regular wet season.) 2004 (∼12 mm·day −1 ) which was double of the monthly average precipitation recorded during the rainy season and the relatively low value of precipitation in April 2005 which was about the half of March and May values for the same year.
MCSs are usually identified by satellite digital images in the thermal infrared channel [19] [20] [21] and by meteorological radar [13] . In this study, we used the Météosat-7 images over the area 25
• N−25 and were available in 30-minute intervals with a horizontal resolution of 5 km × 5 km at the subsatellite point. During its lifespan, each MCS moves, changes of form, intensity, and size, grows, decreases, dissipates, splits, or merges into one or more systems. To track each event in space and time during its full lifespan, it is necessary to use a method that is able to adapt to successive characteristic changes of the MCSs. Developed at CPTEC/INPE to analyze the physical characteristics of MCSs throughout their lifespan, the ForTraCC model [22] was used to track the convective systems during the three-year studied period. ForTraCC was previously adapted to different regions, primarily continental [23] [24] [25] [26] [27] . We used here a special adaptation (see Kouadio et al. [28] for more information) for tracking the MCSs over the ocean.
The EWs are depicted by the unfiltered relative positive vorticity computed from the wind field at 700 hPa [11] . Molinari et al. [29] noted higher amplitudes of the easterly waves over Africa at 700 hPa than at 900 hPa. Laurent et al. [13] also have shown that MCS propagations are associated with the midlevel flow with a best fit at 700 hPa during easterly regime. We extracted these data from the National Center for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) 1997-2006 reanalysis [30] for the same periods as those for the Météosat-7 images. Daily data of unfiltered relative positive vorticity were reported on a 2.5
• × 2.5
• grid. Complementing the three meteorological variables described above, daily vertical profiles (500-1000 hPa) of zonal wind, vertical velocity, specific humidity, and latitude-longitude patterns of latent heat (LH) were extracted from the daily outputs of the NCEP-NCAR 1997-2006 reanalysis [11, 30] 
Diagnostic Analysis and Selection of the "True Alarm" Events
The three panels of Figure , and (c), resp.). The seasonal average of the monthly precipitations during Januaryto-May is also represented. Due to the large amount of MCSs, only those with a westward lifespan longer than 10 hours and those that dissipated between 2.5
• S and 12.5
• S are illustrated. Neither the curves of the trajectories nor the spreading surfaces of the MCSs are represented; instead, the onset represented by black dots on the figure, and dissipation coordinates are depicted and linked by a straight line. In order to keep a continuously MCS life cycle, the onset (dissipation) coordinates are defined as being the positions of the MCSs in the first (last) available images where the brightness temperature is less (greater) than a specific threshold as function of the diurnal cycle (for details see [28] ). Figure 2 shows that the MCSs were essentially spread out into three regions. Two regions with a larger meridional extension and a higher MCS density are as follows: a first one in West Africa with a westward extension up to 5
• E, a second one from 20
• W to the South American coast. The third region, with a weaker MCS density, was trapped along the zonal band between the Equator and 5
• S, from 20 • W to 5 • E. Many MCS occurrences during January to May regenerated by multiple phenomena of merges or splits (not shown). The MCS tracking showed four interesting behaviors: (i) all MCSs that started in Africa dissipated towards 5
• E and never reached NEB (or at least they were not visible from the ForTraCC analysis); (ii) all MCSs that dissipated close to the South American coast initiated at west of 20
• W; (iii) most of the MCSs that were moving northward or southward in the western Atlantic converged thru the coastal ENEB; (iv) a lack of MCS was noted at south of 5
• S, that is, over the southern subtropical high.
To understand the importance of the MCSs in the ENEB precipitation regime and to verify how these systems are related to the large scale positive vorticity anomalies, the monthly rainfall averaged over ENEB was plotted together with the monthly number of MCS occurrences along the Brazilian coast, and the monthly positive unfiltered relative vorticity at 700 hPa over the southern tropical Atlantic. These last results indicate a monthly relationship between positive westward propagation of positive unfiltered relative vorticity over the southern tropical Atlantic, MCS occurrences over the west southern tropical Atlantic, and strong precipitation events over the ENEB. To look in details of this relationship at a higher frequency, a daily analysis was performed over these variables during the first semesters of the three studied years. Figure 4 shows the positive daily vorticity at 700 hPa averaged between 2.5
• S along 40 Figure 4 by black dots along the meridian 36
• W, that is, about the mean longitude of the coastal line of this subregion (see Figure 1(a) ). These rainfall anomalies were computed as the differences between the GPCP daily rainfall values, averaged inside the domain 2.5
• S-12. A large part of the strong rainfall events (some of them lasting more than one day) appeared to be directly related to EWs. Focusing on these last episodes (i.e., the "true alarms", as defined previously), we selected the EWs with • W up to ENEB and had a dissipation coordinate ranging between 2.5
• S and 12.5 • S. the following characteristics: (i) they started (at least) east of 20 • W; (ii) they had a duration higher or equal to three days; (iii) they reached (at least) the coast of ENEB (i.e., 36
• W) thesame day (or the first day) of the noted strong rainfall episodes; (iv) they were associated with one or more strong MCSs (lifespan > 2 hours) that moved westward in the vicinity of ENEB. This simple diagnostic technique highlighted twelve cases, five during the first semesters of 2004 and 2005 and two during the first semester of 2006. These twelve EW occurrences, shown in Figure 4 by dashed lines from the day of the onset spots of the waves (marked by squares) to the day (or the first day) of the strong rainfall spots (marked by black dots), had a phase speed ranging between 5.2 and 11.9 m·s −1 (average of 4.9 m·s −1 ) and a period ranging between 3 and 8 days (average of 4.9 days) (see Table 1 ). Eleven of these twelve selected EWs started in the open ocean west of 5
• E; only one event (in June 2004) initiated very close to the African continent, at 10
• E. Two other scenarios were also observed in Figure 4 . According to the first scenario, it seems that for a smaller number of cases (e.g. associated with marked EW occurrences. These strong anomaly events can be explained by the further ocean-atmosphere physical processes already presented in the introduction, that is, the abnormal southward migration of the ITCZ [1] or the incursions of cold fronts coming from the South Atlantic [8] . The second scenario, depicted here as "false alarms", related some EWs in 2004, 2005, and 2006 which were not associated to strong rainfall events over ENEB. 9 Such both scenarios will be discussed in an earlier work to help in the extended understanding of the ocean-atmosphere conditions that influence the strong rainfall episodes on ENEB.
We will now focus on the twelve strong rainy events which were associated with westward positive unfiltered relative vorticity anomalies. As one example, Figure 5 shows the 20-23 March 2006 event which had an EW/positive anomaly of 3-day lifespan with a velocity of 8.8 m·s −1 resulting in a 2-day strong rainfall event starting March 23 (see Table 1 ). The left panel of Figure 5 is related to the daily latitude-longitude pattern of the propagation of the 700 hPa unfiltered relative vorticity (×10 −5 s −1 ) from the day of the EW initiation (20 March) up to the first day when the strong rainfall episode was observed in ENEB (23 March) . Two cells of vorticity were noted inside the 2.5
• S-12.5
• S latitudinal band: the first one is close to the African continent and stopped at around 0
• E, thus without influence over NEB precipitation. The second cell of vorticity initiated at around 10
• W (March 20) and propagated westward up to the American continent. On the right panel of Figure 5 the date of the first day of strong rainfall over ENEB (March 23) is marked by a dot, and the westward MCS trajectories (>2-hour) with various life cycles are superimposed. These MCS westward trajectories followed and embedded the second EW from March 22, indicating propagating convective activities between 20
• W and ENEB, in agreement with what was suggested by Bartels and Maddox [34] . Furthermore, the intermittent episodes of dissipation/initiation merging/splitting of MCS could have a positive feedback in intensifying the positive vorticity. Figure 6 shows two examples of MCS behavior at 30 minutes interval. These two events were chosen because the duration and space scale of the two associated strong-rainy episodes were very different from each other (see Table 1 ). The first strong-rainy episode (Figure 6 Figure 8 shows the ratio between the daily rainfall amount during each calendar day and the cumulated monthly rainfall amount calculated during the current month. Only the months with at minimum one selected event are illustrated. The twelve selected events are marked by black bars for one or more successive days (maximum 4 days). As noted above, the individual contribution of the selected events was especially higher in 2005; for example, the 3-day (4-day) event selected in February 2005 (March 2005) had a cumulative precipitation representing 60% (48%) of the total amount for the corresponding month.
Overview of the Atmospheric Circulation and Ocean Thermal Conditions during the Selected "True Alarm" Events
Specific conditions of atmospheric circulation and oceanic patterns that could help in triggering and sustaining the selected "true alarm" rainy events are discussed in this section. The following variables have been analyzed during Table 1 and Figure 7 ).
Advances in Meteorology Table 1 and Figure 8 ). The tick marks on the x-axis represent the first day of corresponding month. the twelve episodes inside the south-equatorial oceanic basin (2.5
• S-12.5 • S; 40 • W-20 • E): zonal wind, vertical velocity, and specific humidity within the troposphere (500-1000 hPa), as well as LH, SST, and HC. Twelve-event-composite patterns of the atmospheric (oceanic) parameters were constructed by averaging the daily (weekly (For SST and HC, we selected the week the closest of the daily events.)) values during the twelve periods occurring just before the date of the twelve selected strong rainfall events. These periods (as described in Figure 4 and in Table 1 ) were defined as starting the day of the EW/positive vorticity event onset and ending the day (or first day) of the observed strong rainfall episode. The composite anomalies were computed during the same calendar periods using the arithmetic differences between the previous 12-event-composite patterns and the composite patterns using the long-term climatology databases (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) Figure 14) to compare the SST anomalies with the HC anomalies during the available period of HC dataset [32] .) to compare SST and HC on Figure 14) . Moreover, for a better insight into the low-frequency variability of the oceanic thermal conditions, we computed and compared the departure of SST and HC during each first semester of the 3-year study. Figure 9 shows the altitude-longitude zonal wind composites for the twelve selected events (Figure 9(a) ) and their associated anomalies (Figure 9(b) ), averaged over 2.5
Atmospheric Circulation Variability.
• S-12. (Figure 9(a) ). An abnormal intensification of these easterlies (>0.5 m·s −1 ) was noted in the departure composite of the selected events in the 700-1000 hPa layer, particularly within the longitudes 20
• W-5
• E (Figure 9(b) ). Notably, this band corresponds to the longitudinal band where the selected EWs started (see Figure 4) . Figure 10 depicts the altitude-longitude composite diagrams of the vertical velocity (in 10 −3 hPa·s −1 ) over the same area. Negative values indicate an upward motion of air, which can carry moisture from the ocean to the troposphere, while positive values indicate a subsidence of air. Both the composite pattern (Figure 10(a) ) and the composite anomaly pattern (Figure 10(b) ) illustrates what occurred, on average, during the twelve selected events. The vertical motion composite shows an upward motion within the whole troposphere in the western basin, whereas it was weakly downward east of 20
• W except just above the sea surface, where it was Figure 8: Ratio (%) between individual daily rainfall amount and monthly cumulative rainfall amount during the months when one or more selected events occurred. The twelve selected events (from 1-to-4 day duration; see Table 1 ) are marked by black bars. continually upward all along the basin. The high upward motion identified on the composite diagram above ENEB (>0.04 10 −3 hPa·s −1 ) strengthened on an average by about 25% (0.01 10 −3 hPa·s −1 ) for the twelve selected events in the region where large MCS densities were mostly observed.
Analogous to the zonal wind ( Figure 9 ) and vertical velocity (Figure 10 ) analyses, altitude-longitude composite diagrams of the specific humidity (in g·kg −1 ) are presented for an average of the same twelve selected events (Figure 11 ). The composite pattern (Figure 11(a) ) shows a moistened atmosphere with values higher than 12 g·kg −1 within the lower layers (900-1000 hPa) all along the basin. While the vertical specific humidity stratification was quite stable in the open ocean, the composite pattern of Figure 11 (a) indicates a similar slow increasing of that variable in the whole atmospheric column close to the two continents., The 12-event composite anomaly pattern (Figure 11(b) ) shows a moisture deficit (∼ −0.2 g·kg −1 ) close to the African continent and an excess of moisture (up to + 0.6 g·kg −1 ) throughout the whole vertical atmospheric column above in the vicinity of ENEB.
To further investigate the moisture exchange process that developed at the sea surface during the selected events, we calculated the LH flux composites in a manner different from that used for the last three parameters. The analysis was performed inside the same region 2.5
• E. The top panels of Figure 12 show the 12-event-composite latitude-longitude LH patterns that were computed for the days of EW onsets (Figure 12(a) ) and the days (or first days) of the selected strong rainfall episodes observed over ENEB ( Figure 12(b) ). Positive LH values (from 80 to 180 W·m −2 ), related to energy loss by evaporation from the ocean to the atmosphere, were noted in the whole study domain. The LH maximum (>180 W·m −2 ) occurred within the longitudes 10
• W-3
• E at the onset of the EW 12-event composite (Figure 12(a) ) and then slightly decreased and displaced westward up to 13
• W-8
• W until the day (or first day) of the strong rainfall 12-episode composite (Figure 12(b) ). The region of LH maximum was practically the same region as that one which was already identified for the intensification of the trades (see Figure 9(b) ). It also coincided with the region where the SST was greater than 27
• C (see Figure 13(a) ). The bottom panels of Figure 12 show the LH 12-event-composite departures. On average, excess evaporation was noted at the EW 12-onset composite (Figure 12(c) • W, i.e., where the SST is generally >28 • C; see Figure 13 (a)) indicated a simultaneous, moderate deceleration of evaporation. The evaporation deceleration intensified in the vicinity of the ENEB coast (<−20 W·m −2 ) within the day (or the first day) of the strong rainfall 12-episode composite (Figure 12(d) ). Concurrently, the high evaporation excess observed in the mideastern basin decreased drastically in amplitude and extension but remained strongly positive (∼30 W·m −2 ). As a summary of the above results, the atmospheric composite behavior averaged during the twelve selected events can be interpreted as follows. An excess of evaporation occurred in the mideastern region of the south-equatorial Atlantic basin. This excess of moisture was transported westward by the stronger-than-normal trades. Additionally, an active EW synoptic system was present in the region triggering convection and helping the convection organization in the mesoscale system. The resultant moisture accumulation in the western basin fed the MCSs over the ENEB, which led to strong rainfall episodes and, in turn, reduced evaporation in the western south-equatorial basin. These changes in the ocean-atmosphere interaction process were consistent with similar scenarios previously analyzed at the global scale [35] and in the equatorial Pacific [36] [37] [38] [39] .
Oceanic Thermal Conditions.
We investigated the thermal conditions of the surface and subsurface ocean that occurred inside the oceanic studied region during the twelve selected events. Figure 13 shows the 12-event-composite and the 12-event-composite anomaly latitude-longitude patterns derived from the weekly SST 1997-2006 climatology of Reynolds et al. [31] . High values of SST (>25
• C) were observed in the entire southern-equatorial basin (Figure 13(a) ), with the highest SST (>28
• C) in the vicinity of ENEB. The SST composite anomaly (Figure 13(b) ) shows limited ocean cooling (<−0.2
• C) close to the African coast north of 7
• S, whereas positive SST departure (>+0.1 • C) was noticed off African coast south of 7
• S throughout the entire midwestern basin and especially in the vicinity of ENEB where the warming reached + 0.2
• C. A similar inverse relationship between warming SST and decreasing LH (see Figures 12(c) , 12(d)) has been observed in the tropicalwestern Pacific [35] [36] [37] [38] when the lower atmosphere becomes more convectively unstable. Figure 14 shows the weekly SST and HC departures along 40
• W-20 
Conclusion
This study details a relationship between westward positive unfiltered relative vorticity over the southern tropical Atlantic, MCS occurrences over the western southern tropical Atlantic, and strong rainfall events (anomaly > 10 mm·day −1 ) over the ENEB. The results show evidence of oceanic-atmospheric processes responsible for these strong precipitation episodes. These processes, named here "true alarms", include a combination of atmospheric variables initially based on EWs/positive vorticity anomalies which initiate at east of 20
• W and propagate westwards with a mean velocity of about 8 m·s −1 reaching the eastern longitude of ENEB in a few days. When approaching the American continent, they are associated with westward MCS development that, in turn, induces strong rainfall events over ENEB. A series of twelve strong rainfall episodes selected during a testing period of three years (2004-2005-2006) contributed to a significant amount of precipitation over the ENEB, able to reaching up to 70% of the daily occurrences and 60% of the total monthly rainfall amount.
A composite analysis averaging atmospheric and oceanic conditions over the south-equatorial Atlantic basin during the twelve selected events allowed for the reconstruction of the mean climatic scenario that could be strongly responsible for these rainfall episodes over ENEB. This scenario, associated with intensification of the easterly trades and increasing of the vertical dynamic instability, leads to formation of EWs [42] in the mideastern part of the southequatorial basin. During this specific event, the ocean lost an excess of latent heat by evaporation. The resultant westward advection of that excess of moisture reaches the American continent. Upward motion and excess specific humidity in the troposphere within the western region can then increase the organized deep convection [43, 44] , thus favoring strong rainfall episodes over ENEB [45] . As a collateral effect explained by this regional convection [37] , the latent heat flux diminishes in the western-subequatorial basin, where SST is especially high.
Atmospheric scenarios such as the one described above seem to develop during positive SST anomaly episodes in the south-equatorial Atlantic basin from Africa to America. High SST affects the air temperature and the moisture properties in the atmospheric boundary layer through turbulent fluxes above the sea surface [46] [47] [48] . Furthermore, such episodes occur generally during a low frequency powerful warming within the subsurface oceanic mixing layer. When combined with an active synoptic EW, our study suggests that lowfrequency higher than normal heat content in the upper layer of the south-equatorial Atlantic can be favorable to control hydrodynamic mechanisms leading to strong rainfall occurrences over ENEB.
Ocean-atmosphere processes that can be monitored in real-time (e.g., from satellite-observed winds and from surface and subsurface variables deduced from PIRATA) have the potential to improve the forecasting of strong precipitation episodes during the seasonal rainfall over ENEB (e.g., the last episodes that occurred in 2010, see Note 1) and thus increase our warning capacity for severe weather conditions in that region. In counterpart to future observational and diagnostic efforts, coupled-model simulations could give one useful dynamical basis for such ocean-atmosphere processes. Such initiatives are encouraged to better explain the observed phenomena. That is the focus of the program Centro de Alerta de Fenômenos Extremos (CAFE) financed by the Brazilian Financiadora de Estudos e Projetos (FINEP).
In parallel to these incoming numerical studies related to the ocean-atmospheric process analysed here and as a necessary complement to apprehend the full dynamics, further analyses are also in progress to understand why, sometimes, "false alarms" depicted by some EWs are not associated to strong rainfall events over ENEB and, symmetrically, why, sometimes, strong rainfall events over ENEB are not associated to marked EW signatures.
